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The individuals who reviewed the proposals were from 
SD Department of Environment and Natural Resources, 
SD Department of Agriculture, SD USGS, SD NRCS, 
and South Dakota State University. Three projects 
requested continued 104B funding. A majority of our 
reviewers agreed that each of those projects should 
receive another year of funding: 
“The influence of manure placement on crop yields and 
the transport and fate of nutrient and 
antibiotics” (2nd Year) $10,000 Principal 
Investigators: Sharon Clay, Professor of Plant 
Science, David Clay, Professor of Plant Science, 
and Gregg Carlson, Professor/Extension Specialist 
of Plant Science, all from South Dakota State 
University (SDSU). 
“Fixed-Bed Adsorption Column Studies and Engineering 
Scale-Up Design of a Limestone-Based Metals 
Removal Technology for Small Water Supply 
Systems” (2nd Year) $12,918 Principal 
(Continued on page 6) 
SDWRI is pleased to announce five projects totaling $67,467 
have been funded through the USGS 104b grant in FY 2006. 
By Ross Vander Vorste 
SD Water Resources Institute 
 
WRI kicked of the New Year by packing up the 
‘critters’ and traveling to Pierre for the Legislative Water 
Festival. Setting up several tables near the entrance of the 
Capital Building during legislative session was a sure way 
to get noticed. Representatives from all over the state 
stopped by to check out WRI’s “Under the Microscope” 
display, including Senator Tim Johnson. Over 200 
Georgia Morse Middle School students and Capitol 
Building employees also attended the event. 
WRI’s turtles, “Hank” and 
“Beans,” were the stars of the 
show. Zooplankton, algae, 
aquatic invertebrates and 
several fish species were also 
on display. Legislators received 
a crash-course in limnology 
while witnessing how youth 
education plays a crucial role in 
protecting the future of our 
natural resources. 
Lisa Bretsch (coordinator for 
Big Sioux Water Festival, 
Brookings) and Becky Banks 
quizzed kids and legislators 
about amphibian life and 
demonst ra ted 
the surface 
t e n s i o n  o f 
w a t e r , 
explaining why 
paper clips, 
wood pencils, 
and combs will 
float while golf 
balls and cotton 
balls will sink. 
Anne Lewis 
(coordinator for 
Make a Splash 
Water Festival, 
Pierre) helped 
kids understand the water cycle with quiz questions. 
Mary Clawson (coordinator for Northern Prairie Water 
Festival, Aberdeen) displayed furs of several mammals 
that make their homes in wetland habitats. Harley Shafer 
(Coordinator for Sioux Empire Water Festival, Sioux 
Falls) displayed a watershed model. 
Since 1992, water festivals around the state have 
educated over 82,000 students with the basic knowledge 
of water conservation practices that will improve and 
protect our state’s water supply. 
Senator Tim Johnson (left) visits with 
Anne Lewis, David German and Ross 
Vander Vorste about the important 
role water festivals play in 
protecting and preserving our water 
resources. 
Ross Vander Vorste 
helps kids understand 
the organisms they 
are viewing with the 
aid of microscopes. 
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By Dennis Todey 
SD Climatologist 
Much warmer than average winter temperatures 
set many records throughout January across the state 
and provided a respite from projected high fuel bills. 
February followed with a reminder that winter still 
occurs in the Northern Plains as an extreme cold 
episode brought low temperatures as low as – 39 F in 
the Black Hills area in the middle of the month.  
But what has that done to the drought status? 
Winter is a period when average precipitation is 
relatively small over the state, except for the Black 
Hills. Consequently, minor changes are expected 
barring extended wet or dry conditions. The warmer 
overall temperatures have allowed some of the 
precipitation to fall in a liquid form. Total 
precipitation amounts have not been sufficient 
anywhere in the state to change the drought status for 
most of the last three months. The current drought 
status has most of the western part of the state in D0 
(anomalously dry) or D1 (moderate drought) 
conditions. (Fig. 1) 
Several periodic large precipitation events have 
occurred over the state including the December 
snow/ice storm and the more recent March 13th 
storm. Both of these storms included individual 
snowfall amounts over 20 inches. The December 
storm also included a significant amount of liquid 
precipitation (the freezing of which caused huge 
problems in the eastern part of the state). But these 
large events have been coupled with extended dry 
periods leaving the overall drought impact situation 
relatively unchanged. 
Even with the periodic heavy events, much of the 
state is below average on precipitation for the period 
beginning October 1 (Fig. 2). The locations that have 
received the heaviest precipitation were locations 
which did not have the greatest need.  
Soil moisture situation 
Always of concern going into spring is the soil 
moisture situation for agriculture, fire and hydrologic 
interests. Looking back at the fall, the eastern third of 
the state received moderate to heavy rainfalls leaving 
soils well saturated in some of the far northeast and 
east central part of the state. Other locations east-
river did not receive the heavy precipitation. Thus, 
while not dry, they have excess soil moisture 
capacity to start the spring (Fig. 3). 
As this map also indicates, soil moisture is quite 
limited in the western part of the state. Most 
locations west of the river are still dealing with 
(Continued on page 3) 
Dr. Dennis Todey is South Dakota’s State 
Climatologist. http://climate.sdstate.edu/climate_site/climate.htm 
Fig. 1 US Drought Monitor. The western half of South 
Dakota is in D0 or D1 categories. 
Fig. 2 Deviation from average precipitation for the 
water year. Note the water year begins October 1. 
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chronic water issues, generally reduced availability of 
surface water and lower reservoir levels. None of these 
are at a very serious level, hence the D1 category in 
Figure 1. The water issues tend to be more chronic 
with continued reduced levels of surface water for 
cattle and low river levels.  
In contrast to the rest of the western part of the state, 
the northern Black Hills have seen decent snowfalls this 
fall winter leading to higher than average snowpack 
(Fig. 4) and a slightly reduced drought level. 
The snow pack has improved due to several recent 
events, which will help surface water supplies 
temporarily. 
Outlook 
The Missouri River reservoir system continues to have 
much lower than average reservoir levels, particularly in 
the upper reservoirs, Oahe, Peck and Garrison. But 
snow falls in western Montana portend a near to slightly 
above average year for river flow (Fig. 5). While this 
will not correct the issue, some improvement is hoped 
for. 
The Drought Monitor outlook (Fig. 6) is for some 
improvement in the drought status west river. Spring 
precipitation typically exceeds the evaporative-
transpiration need. Thus, improvement in the moisture 
conditions is likely. Complete resolution of drought 
issues is not expected as an extended wetter than 
average period would be necessary to overcome the 
long-term dryness issues.  
The potential for slightly higher than average 
(Continued from page 2) 
(Continued on page 5) 
Fig. 3 Modeled soil moisture percentiles from 
University of Washington Civil and Environmental 
Engineering. Colors are soil moisture percentiles (0-1 
driest on record, 100 –wettest on record). The model 
has responded to short-term dryness in the northeast 
part of the state (Grant County) that doesn’t probably 
reflect true soil conditions.  
Fig. 4 Data from an NRCS SNOTEL automated observ-
ing station. Orange and light blue lines indicate 30-
year average total precipitation and snow water 
equivalent on the ground, respectively. The red and 
darker blue lines indicate where this year compares to 
the long-term average on a daily basis. 
Fig. 5 Streamflow forecasts in the Missouri basin from 
USDA-NRCS. Near to slightly above average stream-
flows are projected in the Missouri main stem.   
By Delvin DeBoer 
Chlorine, chloramine and/or chlorine dioxide are 
applied in water treatment plants to kill pathogenic 
organisms and provide a protective residual against 
contamination in the water distribution system. 
Residuals of these chemical disinfectants decrease in the 
distribution system through volatile escape, self-
decomposition, or reaction with metal pipe or organic 
matter. The residual disinfectants may react with organic 
matter to produce trihalomethanes (THMs) and 
haloacetic acids (HAAs). THMs and HAAs are potential 
carcinogens, and thus are regulated at the state and 
federal level under the Stage 1 Disinfectant/Disinfectant 
by-Product (D/DBP) Rule. Under the current rule, all 
water systems using a disinfectant sample for D/DBPs at 
locations representing the average and maximum 
residence times in the distribution system. These 
locations are chosen by the systems based upon known 
water use patterns and (primarily) distance from the 
water treatment plant. Annual average DBP 
concentrations are compared against the maximum 
contaminant level (MCL) to determine compliance with 
the Rule. 
The next phase of D/DBP rule (Stage 2 D/DPB) will 
require systems to systematically determine the specific 
locations of the highest THM and HAA concentrations 
in the distribution system and sample at those locations 
to determine compliance with the MCL. However, there 
are virtually no published reports relating distribution 
system characteristics, disinfectant types, and 
disinfectant residual concentrations to THM and HAA 
concentrations in South Dakota systems. Lacking these 
resources, South Dakota systems have little local 
guidance for choosing sample locations for compliance 
with the Stage 2 D/DBP rule.  
This project provides information that will help water 
systems identify relationships between disinfection 
practices (distribution system characteristics, 
disinfectant types, and disinfectant residual 
concentrations) and THM and HAA concentrations in 
South Dakota systems. This knowledge will enable the 
systems to choose appropriate sample locations for the 
Stage 2 D/DBP rule and premeditate compliance issues, 
thus avoiding real costs and customer backlash 
associated with non-compliance with drinking water 
regulations. The water provided by these systems is 
delivered to municipal, rural and industrial customers, 
and is vital to the economic growth of South Dakota 
Under supervision of Dr. Delvin DeBoer, professor in 
the Civil and Environmental Engineering Department at 
SDSU and director of the Water and Environmental 
Engineering 
R e s e a r c h 
C e n t e r , 
g r a d u a t e 
r e s e a r c h 
a s s i s t a n t s 
M o r g a n 
Gagliano and 
A k s h a y a 
N i r a u l a 
gathered and 
analyzed data 
from several 
water systems 
to establish 
relationships 
b e t w e e n 
w a t e r 
distribution 
system characteristics, DBP production and chlorine 
residual decay. Systems representative of South Dakota 
cooperated to provide historical data, including 
chlorinating and chloraminating systems, surface water 
and ground water/surface water systems, and municipal 
and rural water systems. Relationships between 
sampling site location, disinfectant type, temperature, 
and DBP formation/chlorine decay were observed. 
Based on the historical findings, additional sample sites 
were located and sampled to acquire crucial DBP data. 
The results from this study improve understanding of 
water quality changes in distribution systems and 
provide guidance to SDDENR and water systems 
preparing for the next phase of disinfection by-product 
regulations. The results have recently been presented at 
4 conferences attended by water system operators and 
environmental engineering professionals and will be 
available from the “publications” menu at       
http://weerc.sdstate.edu 
SD WRI is pleased to feature a 2005 USGS 104b-funded 
project, “Fate of Disinfectants and Disinfection By-
Products in Water Distribution Systems.” The principal 
investigator for this project is Dr. Delvin DeBoer, a 
Professor in the Civil and Environmental Engineering 
department at South Dakota State University. Dr. DeBoer 
is also the Director of the Water and Environmental 
Engineering Research Center. 
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GIS analysis of chlorine residuals in a 
water distribution system (darker colors 
represent higher concentrations) 
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SD Department of Environment and 
Natural Resources (SD DENR) 
Web: http://www.state.sd.us/denr/denr.html 
March 2006 
30-31: Board of Water and Natural Resources meeting 
at the Floyd Matthew Training Center, Joe Foss Building, 
523 East Capitol Avenue, Pierre, SD. For more 
information, contact Elayne Lande, DENR, at 773-4216. 
April 2006 
6: Nonpoint Source Task Force meeting at the Floyd 
Matthew Training Center, Joe Foss Building, 523 East 
Capitol Avenue, Pierre, SD. 
11-13: South Dakota Solid Waste Management 
Association's Spring Composting Conference at the 
Huron Events Center, 100 4th Street SW, in Huron. For 
more information, contact Carolyn Trautman at (605) 
216-3256. 
18-19: Visible Emission Evaluation Certification (Spring 
Smoke School) at the National Guard Armory, 3400 E. 
Highway 34, Pierre. For more information, contact Barb 
Regynski, DENR at 773-3151. 
19-20: Board of Minerals and Environment meeting at 
the Floyd Matthew Training Center, Joe Foss Building, 
523 East Capitol Avenue, Pierre. For more information, 
contact Vicki Murray, DENR, at 773-5559. 
26: Manure Management/Environmental Training for 
Livestock Producers in Pierre, SD. 
28: South Dakota State Emergency Response 
Commission meeting over the Digital Dakota Network. 
For more information, contact Trish Kindt, DENR, at 773-
3296. 
May 2006 
3-4: Water Management Board meeting at Floyd 
Matthew Training Center, Joe Foss Building, 523 East 
Capitol Ave, Pierre SD. For more information, contact 
Eric Gronlund, DENR, at 773-3352. 
17-18: Board of Minerals and Environment meeting at 
the Floyd Matthew Training Center, Joe Foss Building, 
523 East Capitol Avenue, Pierre. For more information, 
contact Vicki Murray, DENR, at 773-5559. 
June 2006 
14-15: Board of Minerals and Environment meeting at 
the Floyd Matthew Training Center, Joe Foss Building, 
523 East Capitol Avenue, Pierre. For more information, 
contact Vicki Murray, DENR, at 773-5559. 
22-23: Board of Water and Natural Resources meeting 
at the Floyd Matthew Training Center, Joe Foss Building, 
523 East Capitol Avenue, Pierre, SD. For more 
information, contact Elayne Lande, DENR, at 773-4216. 
ATTENTION LAKE LOVERS! 
David German (SDWRI) will be conducting a Basic 
Limnology Workshop for improved lake water quality 
education at NeSoDak Camp on Enemy Swim Lake 
June 3-4, 2006. 
The workshop is designed so that afterwards 
attendees will be able to share what they have learned 
with a secondary audience. Participants will be taught 
limnology and ecosystem concepts, the use of lake 
sampling water quality equipment and will practice  
sharing information with small groups as well as 
learning games to help demonstrate learned concepts. 
The priority topic that will be covered through this 
workshop will be lake water quality and how 
watershed processes affect lake water quality. 
There is no charge for the workshop or for food and 
lodging but travel is the participant’s responsibility. 
Pre-registration is required. For more information or 
to register by May 26th, please call Jennifer at         
(605) 688-4910 or email sdsu.wri@sdstate.edu. 
precipitation amounts exists in the far northeast part of 
the state (not pictured) during April. This is not 
necessarily good news for this region because of the 
already wet soil conditions. If this does occur, too wet 
soils could limit field work and slow soil warm-up. 
Overall, current outlooks do not give indications 
toward wet or dry conditions during the summer.  
(Continued from page 3) 
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By Ross Vander Vorste 
SD Water Resources Institute 
Creatures from the Deep 
January in South Dakota brings frigid temperatures, 
snowstorms, and lots of ice. These are typically not your 
ideal lake sampling conditions but David German 
(project advisor) and I decided to collect some 
invertebrates anyway. The goal was to gather benthic 
samples from Enemy Swim Lake, Lake Minnewasta, 
and Clear Lake. Road conditions only allowed us to get 
to two of the lakes but not without a valiant effort on 
Lake Minnewasta. 
After cutting a large 
hole into the ice an 
Eckman dredge was 
used to collect sediment 
from the lake bottom. 
Sediment was then 
placed in large coolers 
so that I could sort 
through them in the 
heated lab. The results 
were impressive with 
each of the lake 
samples providing 
s e v e r a l  h u n d r e d 
specimens for me to 
photograph and classify. Sampling this early in the year 
has given us a head start on the summer sampling 
season by providing us with a better idea of what 
invertebrate species these lakes contain. 
With this biological information, we will be able to 
compare the ecosystems of lakes with varying degrees 
of water quality. 
Ross Vander Vorste is an undergraduate student 
majoring in Environmental Management, expecting to 
graduate in December 2006. He is currently working 
on an undergraduate research project. 
Chironomids, 
commonly called 
“bloodworms,” 
contain 
hemoglobin which 
can make them 
appear red in 
color.  
The head capsule of 
this chironomid 
contains a feeding 
apparatus as well as 
many sensory 
structures.  It is 
from the subfamily 
Tanypodinae 
Investigators: Arden Davis, Chairman of the 
Department of Geology and Geological 
Engineering, and David Dixon, Professor, 
Chemical Engineering, both from South Dakota 
School of Mines and Technology. 
“Water Conservation Using Automated Irrigation 
Water Management for Center Pivots” (2nd 
Year) $22,343 Principal Investigators: Hal 
Werner, Professor/Extension Specialist, 
Agricultural and Biosystems Engineering and 
Todd Trooien, Associate Professor, Agricultural 
and Biosystems Engineering, both from SDSU. 
The reviewers scored the “new” pre-proposals using a 
100-point scale. The two top projects received an 
average score equal to or greater than 74.4 points: 
“Microbial indices of soils and water associated with 
vegetated treatment areas (VTAs) from five 
animal feeding operations (AFOs) in South 
Dakota” $15,000 Principal Investigators: Bruce 
Bleakley, Professor; Biology/Microbiology & 
Plant Science Departments , and Todd Trooien, 
Professor of Agricultural and Biological 
Engineering, both from SDSU. 
“Development of a Lake Bioassessment Index Based on 
Evaluation of Prairie Lakes in Northeastern 
South Dakota” $7,206 Principal Investigator: 
David German, Water Resources Institute, 
SDSU. 
(Continued from page 1) 
Chironomid larvae are 
an integral part of the 
food web, serving as a 
food source for larger 
invertebrate, fish, 
amphibians and birds. 
This specimen is from 
the subfamily 
Chironominae. 
Chironomus sp. 
With a face only a mother 
could love, Chironomids 
were abundant in our mid-
winter sampling trip. 
